If changes over time in trauma care apply to both firearm injuries and motor vehicle crashes (MVCs) similarly, differences in mechanism-specific case-fatality trends may suggest changes over time in injury severity.
A voiding death from injury can be accomplished in 3 ways: prevent the fatal injury from happening, decrease the severity of injury, or provide coordinated, life-saving medical care immediately after the injury. The case-fatality percentage is a measure of injury lethality defined by the proportion of individuals who die from a particular injury.
1 A higher case-fatality percentage suggests a more lethal injury given similar trauma care received. 1 When the case-fatality percentage is high, primary prevention or decreasing the injury severity, as opposed to treatment of the injury, carries the greatest potential to minimize mortality. Motor vehicle crashes (MVCs) and injuries due to firearms are 2 of the top 3 causes of injury-related death for persons younger than 65 years. 2 For firearms, severity and lethality of injury are related to the dimensions of the ammunition, the number and location of wounds, and the projectile velocity. 3, 4 Previous trends in increasing firearm lethality have been linked to changes over time in weapon and ammunition types. 5, 6 For MVCs, lethality may be associated with vehicle safety features, driver behavior, vehicle speed, and road features.
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There have been conflicting reports on trends in casefatality percentages for firearm injuries in the United States. One analysis of data available publicly through the Centers for Disease Control and Prevention's (CDC's) web-based Injury Statistics Query and Reporting System concluded that firearm assault lethality declined from 2002 to 2011.
8 Subsequent analyses did not find evidence of declining lethality after adjustment for reporting hospitals. 9 Few studies have considered national trends in case-fatality percentages for firearms in the context of other injury mechanisms. 10 Given a similar landscape of trauma care, juxtaposition of these trends can potentially unmask temporal changes that are not apparent when describing a single injury mechanism in isolation. Furthermore, earlier national investigations have not considered in-hospital and out-of-hospital deaths separately. Our objective was to determine whether the trends in casefatality percentage at levels I and II trauma centers for intentspecific firearm injuries and MVCs were similar in direction overall and across different age groups from 2003 to 2013. Given that trauma care at levels I and II trauma centers is considered the best care provided to injured patients nationally and that trends in care quality at these institutions are likely similar regardless of injury mechanism, we hypothesized that case-fatality trends would be similar in direction for all mechanisms.
11 To test this hypothesis, we considered both inhospital and out-of-hospital deaths. We sought to estimate case-fatality, as a measure of lethality, by age-group and injury mechanism (self-inflicted firearm injury, assault with a firearm, and unintentional firearm injury) and to assess whether trends in case-fatality percentage differed by age group and mechanism. Given that patients treated in trauma centers reflect only a subset of the burden of traumatic injury, we also sought to understand changes over time in the proportion of out-of-hospital deaths associated with these mechanisms. To test whether changes in case-fatality percentages were reflected in changes in measured injury severity, we assessed whether injury severity score (ISS) trends over time for specific mechanisms differed from zero and also calculated casefatality trends by categories of ISS.
Methods

Data Sources
The National Trauma Data Bank (NTDB) National Sample Program (NSP) is a nationally representative sample from the NTDB consisting of 100 levels I and II trauma centers stratified by region and level of care. 12 The purpose of the NSP was to provide a data structure and sampling scheme to compute reliable national estimates for levels I and II trauma centers.
13
Sample hospitals are selected based on probability-proportionalto-size methodology considering counts of emergency department visits from American Hospital Association 2005 data. January 1, 2003 , through December 31, 2013 . Given that the systematic inclusion of children's hospitals changed during the life of the NSP, we considered only patients 15 years or older. Because the data from both of our sources were deidentified, the study was exempt from institutional review board review per the Office of Human Research Protections guidelines.
14 To account for the potential confounding effect of improvements in prehospital emergency medical services over the study period by which more severely injured patients reach
Key Points
Question Does juxtaposition of lethality trends for motor vehicle crashes and firearm injuries expose mechanism-specific injury severity trends?
Findings In this repeated cross-sectional measures analysis of data on patients treated at level I or II trauma centers from 2003 to 2013, firearm assault and self-inflicted firearm injury were highly lethal in terms of case-fatality percentage and the percentage of out-of-hospital deaths. Annual trends significantly declined for motor vehicle crashes in all age groups but not for firearms in any intent or age group.
Meaning Seen alongside trends in case-fatality percentage for motor vehicle crashes, it appears that injuries resulting from firearms may be worsening in severity.
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Firearm Injury and Motor Vehicle Crash Case Fatality by Age Group, 2003 -2013 the hospital before death, we investigated the percentage of out-of-hospital deaths among total deaths by mechanism. We obtained annual death counts by place of death from the CDC's Wide-Ranging Online Data for Epidemiologic Research (WONDER) for firearm homicide, firearm suicide, unintentional firearm death, and death due to motor vehicle crash. The CDC's WONDER sorts place of death into the following categories: medical facility-inpatient, medical facility-outpatient, or emergency department; medical facility-dead on arrival; decedent's home, hospice facility, or nursing home/long-term care; other (such as street or public place); place of death unknown; and medical facility-status unknown. Deaths at the decedent's home, medical facility-dead on arrival, and other were counted as out-of-hospital deaths.
Design, Measures, Exposure, and Control
We conducted an ecologic repeated cross-sectional analysis of age group-specific annual trends in case-fatality percentage by firearm intent (assault, unintentional, and suicide) and the annual age group-specific case-fatality percentage trends for occupant MVC. Our exposure was year. To calculate the casefatality percentage, we first computed survey-weighted estimates for total counts of injured and deceased individuals among the 4 injury mechanisms/intents (occupant MVC, firearm assault, self-inflicted firearm injury, and unintentional firearm injury). We identified incidents according to e-codes. . Casefatality percentage was the survey-weighted total who died in trauma centers divided by the survey-weighted total estimated injured and treated individuals at trauma centers for each year, age group, and mechanism (MVC) or intent (firearm). We captured ISS as both annual survey-weighted means and medians by mechanism. We also estimated survey-weighted annual casefatality percentages by categories of ISS (1-15 [mild], 16-24, 25-40, 41-66, and 67-75 [severe] ). Percentages of out-of-hospital deaths were calculated by dividing out-of-hospital deaths by the total number of deaths by mechanism for that year.
Statistical Analysis
We generated total counts and 95% CIs using surveyweighted estimates according to the sampling scheme described by the NTDB/NSP user manual. 12,13 Because our sample was limited to 11 years of data and included estimated totals, we generated 2-year rolling averages to smooth year-to-year variations. The limited number of time data points also restricted our ability to use time-series approaches that rely on greater numbers of observations. 15 Even so, these approaches that correct for autocorrelation are most important when evaluating the association of a time-varying exposure (other than time itself) with an outcome. We performed linear regression using the ordinary least squares method, with year as the exposure and case-fatality percentage as a continuous outcome to estimate a coefficient and 95% CI for the annual change in case-fatality percentage. The null hypothesis for all models was that the annual case-fatality percentage did not change. Similarly, we performed linear regression, with year as the exposure and annual measures of ISS as the outcome. Last, we used linear regression with the ordinary least squares method to estimate trends in the percentage of out-of-hospital deaths by year. Statistical significance was set at 2-sided α = .05. All analyses were performed in Stata/ SE, version 14.2 (StataCorp).
Sensitivity Analysis
To test the sensitivity of our results against the choices for our methodologic approaches, we conducted several additional analyses. For all ordinary least squares regression models, we calculated the Durbin-Watson statistic that tests for autocorrelation of outcome data. 15 When this statistic is close to 2, the data are sufficiently independent. When the value is less than 2, a Prais-Winsten model with generalized least squares that corrects for autocorrelation may be more appropriate. For casefatality percentage trends, we included Prais-Winsten regression models with and without 2-year moving averages.
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Finally, we calculated an out-of-hospital death group that did not include patients who were dead on arrival to account for possible changes in reporting criteria during the study period.
Results (Table 1) . Overall, the case-fatality percentage among these 4 groups was 5.7% (95% CI, 5.3%-6.1%). The annual case-fatality percentages for each mechanism are presented in eTable 1 in the Supplement. The case-fatality percentage was highest for selfinflicted firearm injury (42.8%; 95% CI, 40.9%-44.8%) and lowest for unintentional firearm injury (3.5%; 95% CI, 3.1%-4.1%) ( Table 1) . Using 2-year rolling averages, the case-fatality percentage was lower each year for occupant MVC but did not significantly change for any of the firearm injuries regardless of intent (Table 1) .
By total counts, the burden of total injuries and deaths was highest in the 15-to 34-year age group (eTable 2 in the Supplement). For total injuries, patients aged 35 to 54 years had the next highest number, but for fatalities, the group 55 years or older had the second highest number (eTable 2 in the Supplement). Although occupant MVC had the highest number of injuries and deaths in all 3 age groups, the case-fatality percentage from this mechanism was either the lowest or second lowest in all age groups. Self-inflicted firearm and assault with a firearm had the highest and second-highest case-fatality percentage in all 3 age groups, respectively (eTable 2 in the Supplement). Firearm homicide had the second-highest total death count in all age groups except the group 55 years or older, in which firearm suicide was the second highest (eTable 2 in the Supplement).
On average, the case-fatality percentage was lower each year in occupant MVCs for all groups ( Table 2) . By comparison, on average, none of the annual case-fatality percentages was significantly lower in any of the categories for firearm intent in any of the age groups (Figure) . By mechanism, median ISS for selfinflicted firearm injury was 0.31 higher (95% CI, 0.00-0.61) each year ( Table 3) . By category of injury severity, the case-fatality percentage was lower each year for MVCs in all categories except ISS25to40(eTable3intheSupplement). For firearm assault and unintentional firearm injury, the data do not suggest annual changes in case-fatality percentages for any of the ISS categories. For self-inflicted firearm injury, on average, the casefatality percentage was lower each year in the 2 lowest ISS categories (1-15 and 16-24) (eTable 3 in the Supplement).
For patients 15 years or older, 407 475 MVC deaths, 127 285 firearm homicide deaths, 202 191 firearm suicide deaths, and 6133 unintentional firearm injury deaths were captured from CDC's WONDER from 2003 to 2013. Firearm suicides had the highest percentage of out-of-hospital deaths (86.5%) and MVC had the lowest (58.2%) ( Table 4 ). The percentage of deaths occurring outside the hospital did not change across time for any of the firearm intents (Table 4) . For occupant MVCs, on average, the percentage of out-of-hospital deaths was 0.24% lower each year (95% CI, −0.41 to −0.05).
Results from the sensitivity analyses are included in eTables 4 and 5 in the Supplement. For out-of-hospital deaths, the declining trend for MVCs was no longer statistically significant using the Prais-Winsten regression model. All other results were similar to the main analysis.
Discussion
In the period from 2003 to 2013, these data suggest declining case-fatality percentages for patients 15 years or older injured in MVCs who were treated at levels I and II trauma centers, whereas the case-fatality percentages for all firearm intents remained unchanged. Although declining percentages of out-ofhospital deaths may have explained a portion of this finding by which more severely injured patients reach the hospital before death (potentially raising the in-hospital case-fatality percent- a All totals, proportions, and trends were generated using survey weighting rounded to the nearest whole number.
b P < .05. 
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Firearm Injury and Motor Vehicle Crash Case Fatality by Age Group, 2003 Group, -2013 age), our data suggest that these percentages have not changed during the study period or have decreased for MVCs only. This finding would create a bias toward no association or higher annual trends in the case-fatality percentage for MVCs. Decreasing percentages of out-of-hospital deaths may represent injuries becoming less fatal in the period immediately following injury. Our data do not suggest nonzero trends for ISS for any mechanism except self-inflicted firearm injury. Case-fatality percentages across nearly all ISS categories were decreasing for MVCs yet stayed flat for firearm assault and unintentional firearm injury. For self-inflicted firearm injury, lower annual case-fatality percentages for the least severe ISS categories in the context of a rising annual median ISS and a flat overall casefatality percentage suggest that the overall proportion of patients in the lowest-severity ISS groups is decreasing over time.
Estimating trends in lethality of firearm injury is an area of active study. One report analyzed data from the CDC, combining annual counts of fatal and nonfatal firearm injury from 2002 to 2011 and concluded that firearm lethality was declining, evidenced by stagnant rates for firearm homicide with rising rates of nonfatal firearm assault. 16 However, after correcting for facilities reporting to the sample, a separate analysis concluded that firearm lethality from assault has been constant from 2003 to 2012. 9 There is active debate on the merits and limitations of both approaches.
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Our data do not provide evidence that the case-fatality percentage of firearm assault changed from 2003 to 2013 at levels I and II trauma centers, possibly suggesting that firearm lethality has been stagnant across this period. To place this stagnation in the context of the lower annual case-fatality percentage from MVCs may mean a relative worsening of firearm lethality assuming that trauma care improves in the same direction regardless of mechanism. Although our data do not suggest that ISS changed on average for assault with a firearm or unintentional firearm injury, there are data to suggest that this measure may be insufficiently sensitive to assess severity for penetrating injury. 18, 19 Data from the National Inpatient Sample from 1993 to 2014 suggest annual increases in the new ISS (NISS) for firearms. 20 The NSP does not include the NISS. Given that the NISS may be more accurate in estimating mortality and complications in penetrating injuries, the trend reported using the NISS is not surprising, even when our analysis of the ISS showed no change. 19 The data source, period, and analytic approach were also different from ours. Data from a level I trauma center in Denver, Colorado, reported an increasing firearm casefatality percentage compared with other trauma mechanisms from 2000 to 2013.
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Our findings demonstrate that, for MVCs, the percentage of deaths occurring outside the hospital each year may be declining and the proportion of MVC occupants who die after being admitted to a level I or II trauma center is lower each year. This combination of findings suggests substantial achievements in reducing the severity of MVC injuries.
One possible explanation for the stagnant case-fatality percentage for firearm injuries amidst the improvements in trauma care suggested by trends in MVC case-fatality percentages is potentially associated with changes in the ballistic properties of firearms. Previous data analyses of linked hospital and police records suggest that changes in firearm properties over time also manifest in the aggregate on lethality.
5,6 Developments in firearms technology that create more severe wounds through greater transfer of kinetic energy from projectiles to tissue or more tissue disruption from new bullet architecture may offset improvements in trauma care. 21, 22 There may also be an association between greater numbers of wounds that typically follow from firearms with rapid shooting capabilities and lethality. 5 National data on the ballistic properties of civilian firearm injuries are not currently available for study.
Limitations
Facility requirements for reporting to the NTDB, and by extension the NSP, may change from year to year. Our results are limited to patients admitted to level I or II trauma centers, and these estimations are not designed to capture all injuries in the United States. Our analytic method imposed a linear association between time and the outcome measures, whereas that association may be nonlinear. Even so, uncovering quadratic, cubic, or other shapes of time associations with 11 data points may not be possible. Although our in-hospital analysis focused on levels I and II trauma centers, our analysis of out-ofhospital deaths included all deaths. Levels I and II trauma centers may exist within potentially more developed emergency medical systems with distinct trends for the proportion of outof-hospital deaths. Results from our sensitivity analysis that remove the dead-on-arrival deaths from this analysis do not appreciably change the overall interpretation of these findings. When querying CDC WONDER, one is unable to limit the query to out-of-hospital deaths in areas served by levels I and II trauma centers.
Conclusions
We found stagnant case-fatality percentages for firearms alongside declining case-fatality percentages for occupant MVCs from 2003 to 2013. This may reflect a worsening of firearm injury severity over time. These findings are not likely explained by changes in the percentage of out-of-hospital deaths.
Incorporating the study of firearm ballistics into longitudinal public health and trauma surgery research is necessary to better understand firearm lethality. Similar to the crash information collected in every fatal MVC, adding details on firearm type, ammunition used, shots fired, and number of wounds can provide a more complete picture of firearm injury severity over time and eventually lead to greater protections against death and disability due to firearm injuries. 
